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Streams are home to a wide variety of aquatic organisms including fish and benthic 
macroinvertebrates. Variance in diversity and abundance of macroinvertebrates in stream 
ecosystems is influenced by water chemistry and substrate availability. Different substrates 
provide macroinvertebrates with varying habitats, protection, and resources. Four distinct sites 
on the East and West branches of the Maple River around Pellston, MI were sampled and studied 
to examine the combined effects of abiotic factors on macroinvertebrate diversity and 
abundance. At each site, three substrates (cobble, gravel, and sand) were studied. Rocky riverbed 
substrates (i.e. gravel and cobble) contained greater numbers and more diverse 
macro invertebrate families than sandy substrates. Stable isotope analysis of the water from each 
site showed a correlation between the abundance of individuals and groundwater concentration 
but did not show a correlation between diversity of families and groundwater concentration. 
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1 Introduction 
Macroinvertebrates are abundant eukaryotic organisms in aquatic ecosystems and 
perform important functions including decomposition of organic matter and formation of the 
base of many aquatic food chains (Nelson, 2007). The presence and diversity of 
macro invertebrates in streams is an indicator of water quality and overall stream health . Three 
orders of aquatic insects, Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera 
( caddisflies) are particularly sensitive to anthropogenic pollution and unfavorable water 
conditions. As a result of this sensitivity, they are often the principal taxa studied in the 
investigation of stream water quality (Jerves-Cobo et al., 2017). These taxa thrive in favorable 
conditions which include high dissolved oxygen (> 5 ppm), neutral pH, and cold water 
temperatures (Chad de, 2017). A majority of macro invertebrates live in streams during their 
larval stage for up to one year, prior to eventual metamorphosis into terrestrial adult insects. 
However, some macroinvertebrates are aquatic throughout the entire life cycle (Berg et al., 
2008). 
Variable habitats within stream ecosystems create variation and complexity in 
macroinvertebrate communities to accommodate adaptations to survive and flourish (Bond et al. , 
2000). Abiotic factors such as stream flow rate, substrate type, water temperature, dissolved 
oxygen levels, stable isotope levels, and nutrient availability influence the distribution and 
richness of macro invertebrate populations (Brooks et al., 2005). Abiotic factors that alter water 
quality are affected by the ambient environment through which a stream flows. 
The Maple River is located in Emmet County in Michigan's lower peninsula and is part 
of the Cheboygan River watershed (Godby, 2014). The substrates of this region are influenced 
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by glacial geology (Nadelhoffer et al. , 2010). The Maple River lies atop unsorted till deposited 
by glaciers, which allows for groundwater movement (Godby, 2014). The Maple River is 
primarily groundwater fed, with hydrologic sources including groundwater springs, marshes, and 
precipitation. The quality of water is influenced by anthropogenic sources including exogenous 
drainage and runoff (Zhang et al. , 2015). The Maple River has two branches, each accumulating 
different nutrients and pollutants. The West Branch of the Maple River originates from the 
Pleasantview Swamp. It travels through woodlands, past the Pellston airport, and through the 
village of Pellston. The East Branch of the Maple River begins at the Douglas Lake outlet and 
meanders through woodlands until it connects with the West Branch at the Maple River Dam in 
Lake Kathleen (Godby, 2014). The Maple River Dam influences the water quality of the river by 
increasing the water temperature by as much as 3°C during summer (Godby, 2014). 
The Conservation Resource Alliance (CRA) is pursuing the removal of the Maple River 
Dam, scheduled to begin in 2018 (CRA, 2017). Removal of the dam is predicted to result in a 
return of the river to pre-dam temperatures (Godby, 2014). An opportunity exists to gather data 
assessing the abiotic and biotic factors of the Maple River before and after the removal of the 
dam, including the effect it will have on the abundance and diversity of macro invertebrates. The 
CRA plans to restore in-stream habitat at sites sampled in this study (CRA, 2017). Our findings 
regarding the preferred habitats of macro invertebrates could be useful to the CRA in their efforts 
to improve the stream ecosystem. 
In this study, we measured and analyzed abiotic factors of stream ecosystems at four 
different sites of the Maple River to examine patterns of macro in vertebrate diversity and 
abundance. Macroinvertebrates prefer gravel and cobble habitats located in riffles (fast, shallow 
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water), over sand and silt habitats in pools of slow, deep water (Meng-zhen et al. , 2012; Beauger 
et al., 2006; Duan et al. , 2008). Variations in substrate and hydrologic source produce 
differences in macroinvertebrate communities. Gravel has been shown to support greater 
macro invertebrate populations (Meng-zhen et al., 2012). Our first hypothesis is that gravel will 
have the greatest abundance and diversity of macro invertebrate taxa of the three observed 
substrates. 
Groundwater concentration can be determined using stable isotope analysis. Stable 
isotopes are atoms which are the same elements, but have a different number of neutrons and 
therefore mass. Stable water isotopes include cr180 for oxygen, which corresponds to cr 160 , and 
cr2H (or Deuterium, D), which corresponds to cr1H for hydrogen (Gat, 1996; Mook, 2001). 
Groundwater has a lower concentration of heavy isotopes ( cr2H and cr 180) than surface water 
(Nyende et al., 2013). 
Groundwater-fed streams tend to demonstrate more stable and less polluted 
environments . Temperature and water levels do not fluctuate as extensively in contrast to streams 
fed by runoff and precipitation. Interactions between groundwater and surface water influence 
dissolved oxygen concentration, nutrient levels, water temperature, and light intensity (Zimmer 
et al., 2015). However, little research has been conducted on the specific effects of groundwater 
concentration on macroinvertebrate communities. We hypothesize that higher concentrations of 
groundwater will be correlated with more diverse and abundant macroinvertebrate communities 
due to greater stability of water conditions. 
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2 Methods 
2.1 Site Selection 
Twelve samples of macro in vertebrates were collected from four sites on the Maple River. 
Two sample sites were on the East Branch and two sample sites were on the West Branch 
(Figure 1). Site 1 is located on East Branch of the Maple River on Douglas Lake Road; Site 2 is 
located on the East Branch of the river at Robinson Road; Site 3 is located on the West Branch of 
the river at US 31; and Site 4 is located on the West Branch of the river by the Philip J. Braun 
Nature Reserve (Figure 1). A sample was taken from each of the three substrate types; sand, 
gravel, and cobble. Cobble is defined as rock larger than six centimeters diameter, gravel is 
defined as rock greater than one millimeter (0.01 cm) but less than six centimeters diameter, and 
sand is defined as any granules less than one millimeter (0.01 cm) diameter. Samples were taken 
of water with a fast flow rate ( > 45 cm/s) and a slow flow rate(< 45 cm/s) in each substrate on 
each branch of the Maple River. 
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Figure 1. Site locations on the the East and West Branches of the Maple River in the Pellston, 
Michigan area. Specific sampling site locations are indicated by stars on the map. (Source: Google 
Maps, 2017). 
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2.2 Sampling Technique - Water Chemistry 
Surface and groundwater samples were collected at all four sampling sites. Water 
samples were taken at upriver sites first to avoid contaminating downriver sites by agitating 
upriver substrates. To collect surface water, a Piezometer constructed by the University of 
Michigan Biological Station Chemistry Laboratory was used to pump the water from the river 
into rinsed acid-washed 500-milliliter plastic jars. The jars were filled to the brim and sealed to 
prevent evaporation. Groundwater was obtained by inserting a SO-centimeter section of 
Polyvinyl Chloride (PVC) pipe into the sandbank until water permeated the sand. The pipe was 
removed and emptied of sand, then re-inserted into the hole. Groundwater was collected from the 
pipe with a piezometer, using the same method as described above. 
Dissolved oxygen (mg/L) measurements for each site were taken by slowly swirling a YSI 
Model 55 Dissolved Oxygen Probe in each jar of surface water. Water samples were then 
analyzed at the University of Michigan Biological Station Chemistry Lab for stable isotopic 
composition, nitrogen, and total hardness. Percent groundwater at each site was estimated using 
isotopic composition. The stable isotopes studied were hydrogen (cr1H and cr2H, or Deuterium) 
and oxygen (cr 160 and cr180). 
2.3 Sampling Technique -Macroinvertebrates 
For each of the twelve samples, a thin-mesh dip-net was used to collect 
macroinvertebrates. Macroinvertebrates were collected from two separate four-centimeter rocks 
in the gravel substrate, and from a single six-centimeter rock in the cobble substrate that 
represented the most typical rock size and morphology of the collection site. Macro invertebrates 
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were placed in a labeled plastic Nalgene jar containing a 70% Ethanol solution for preservation. 
At each sampling site, we measured pH using a pH multimeter and measured conductivity (µS) 
and water temperature (°C) using a conductivity probe. Depth (cm) and flow rate (cm/s) 
measurements were taken at each section of substrate sampled. 
2.4 Macroinvertebrate Classification 
The twelve macroinvertebrates samples were identified under a light microscope using a 
dichotomous key (Birmingham, 2005). Upon completion of macro invertebrate identification, 
each family was separated into individual vials filled with 70% Ethanol solution for preservation. 
All were labeled with order and family name, collection location, substrate, and stream flow rate. 
The total number of macro invertebrates and their respective families in each sample were 
determined and recorded . 
2.5 Calculations 
A statistical software was used to perform a Chi Square Test of Independence to compare 
the abundance of macro in vertebrates found in different substrates and hydro logic sources. The 
same method was utilized to compare the total number of families and indicator families at each 
site. A Biotic Index (Bl) calculation was performed to determine the levels of stream pollution 
based on macroinvertebrate diversity and abundance. The BI categorizes macroinvertebrate 
orders based on sensitivity to organic pollution such as sewage and other oxygen-consuming 
contaminants (Sharpe et al., 2015). Macro invertebrates collected were identified and assigned to 
either Class I (Pollution Sensitive Taxa), Class II (Moderately Tolerant Taxa) or Class III 
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(Pollution Tolerant Taxa). Pollution Sensitive Taxa include Ephemeroptera, Plecoptera, and 
Trichoptera; Moderately Tolerant Taxa include Amphipoda, Coleoptera, Megaloptera, and 
Odonata; and Pollution Tolerant Taxa include Diptera. The following BI computation was 
performed: 
Biotic Index = 2(n Class I) + (n Class II) 
Where n is equal to the number of taxa. If the result is greater than or equal to 10, the 
stream is considered "clean" with little to no pollution. A result between 3-9 indicates "moderate 
pollution," while a result between 0-2 indicates "gross pollution" (Sharpe et al., 2015). 
Low pollution tollerance 
.cores 
Intermediate pollution 
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Figure 2. General pollution tolerance categories for common aquatic 
macroinvertebrates in the Maple River watershed (Source: Zimmerman, 1993). 
Diversity indices were calculated to compare the diversity of macro invertebrate 
communities in the three substrates. The Shannon Diversity Index (H) was calculated to compare 
the diversity of communities in the three substrates. Shannon's Equitability (EH) was calculated 
to compare the evenness of the communities on the different substrates (Gross, 2000). The 
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S0rensen Index (S) was calculated to compare the similarity between substrates in families 
present. The S0rensen Index is a value between 0 and 1, with higher values indicating that the 
two communities are more similar and have a larger proportion of families in common (Krebs, 
2014). These calculations were also used to compare the diversity of communities in high and 
low groundwater concentration samples. 
An ANOV A test was performed to analyze the variance of abiotic factors between 
substrates, including temperature, conductivity, pH, depth, flow rate, dissolved oxygen, total 
hardness, and total nitrogen to determine if these factors could have affected our results. An 
Independent Samples t-Test was conducted to compare these same abiotic factors between sites 
with high and low groundwater concentration. 
3 Results 
3.1 Results by Site 
There were a total of 84 macroinvertebrates from 11 families collected at Site 1, while 
179 macroinvertebrates from 15 families were collected at Site 2 (Table l); 273 
macroinvertebrates from 18 families were collected from Site 3; and 250 macroinvertebrates 
from 17 families were collected at Site 4 (Table 2). Site 3 had the greatest abundance of aquatic 
macro invertebrates and highest richness of the four sites. There was an overall total of 786 
macro invertebrates collected from 25 different families , 19 of which were indicator families 
(Tables 1 and 2). 
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Table l. Total collection ofmacroinvertebrates from Sites I and 2 on the East Branch of the Maple River, as 
indicated on the map (Figure I). Indicator families are shown with an asterisk. 
SITE 1 Sand (slow: 33.87 cm/s) Gravel (slow: 22.04 cm/s) Cobble (fast: 48.2 cm/s) 
1 Amphipoda 6 Amphipoda 53 Amphipoda 
2 Diptera I Diptera 2 Ephemeroptera, Caenidae* 
2 Trichoptera, I Ephemeroptera, 3 Ephemeroptera, Heptageniidae* 
Limnephilidae* Heptageniidae* 2 Megaloptera, Corydalidae 
2 Megaloptera, Corydalidae I Odonata, Aeshnidae 
I Odonata, Aeshnidae I Odonata, Gomphidae 
2 Odonata, Gomphidae 
1 Plecoptera, Perlidae* 
I Trichoptera, Helicopsychidae* 
I Trichoptera, Hydropti lidae* 
SlTE 2 Sand (fast: 62.8 cm/s) Gravel (fast: 68.8 cm/s) Cobble (slow: 30.4 cm/s) 
6 Diptera I Diptera 
I Ephemeroptera, Baetidae* I Ephemeroptera, Baetidae* 
12 Ephemeroptera, Caenidae* 4 Ephemeroptera, Caenidae* 
3 Ephemeroptera, 1 Ephemeroptera, Heptageniidae* 
Ephemerellidae* 3 Megaloptera, Corydalidae 
4 Ephemeroptera, I Plecoptera, Perlidae* 
Heptageniidae* 45 Trichoptera, Glossosomatidae* 
I Ephemeroptera, 1 Trichoptera, Helicopsychidae* 
Metretopodidae* 10 Trichoptera, Hydropsychidae* 
11 Megaloptera, Corydalidae 1 Trichoptera, Hydroptilidae* 
2 Odonata, Aeshnidae I Trichoptera, Philopotamidae* 
I Plecoptera, Perlodidae* 
25 Trichoptera, 
Glossosomatidae* 
I Trichoptera, Helicopsychidae* 
28 Trichoptera, Hydropsychidae* 
11 Trichoptera, Hydroptilidae* 
4 Trichoptera, Philopotamidae* 
There were a total of 84 macroinvertebrates from 11 different families collected at Site 1, 
6 of which were indicator families (Table 1). Five macro invertebrates from 3 families were 
found in sand; 17 macroinvertebrates from 9 families were found in gravel; and 62 
macroinvertebrates from 6 families were found in cobble. There were a total of 179 
macroinvertebrates from 15 different families collected at Site 2, 12 of which were indicator 
families. Zero macroinvertebrates were found in sand; 110 macroinvertebrates from 14 families 
were found in gravel; and 69 macroinvertebrates from 11 families were found in cobble. 
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Table 2. Total macroinvertebrates collected from Sites 3 and 4 on the West Branch of the Maple River, as indicated 
on the map (Figure 1). Indicator families are shown with an asterisk. 
SITE 3 Sand (slow: 38.66 cm/s) Gravel (fast: 70.90 cm/s) Cobble (slow: 43.68 emfs) 
I Ephemeroptera, Caenidae* 3 Coleoptera 8 Diptera 
1 Ephemeroptera, 8 Diptera 16 Ephemeroptera, Caenidae* 
Metretopodidae* 21 Ephemeroptera, Caenidae* 2 Ephemeroptera, 
I Trichoptera, 5 Ephemeroptera, Ephemerellidae* 
Brachycentridae* Heptageniidae* 1 Ephemeroptera, Heptageniidae* 
1 Plecoptera, Perlodidae* 1 Ephemeroptera, 
58 Trichoptera, Brachycentridae* Leptophlebiidae* 
28 Trichoptera, 7 Ephemeroptera, Leptohyphidae* 
Glossosomatidae* 4 Plecoptera, Nemouridae* 
I Trichoptera, Limnephi lidae* l Plecoptera, Taeniopterygidae* 
18 Trichoptera, 56 Trichoptera, Brachycentridae* 
Lepidostomatidae* 22 Trichoptera, Glossosomatidae* 
1 Trichoptera, Philopotamidae* 3 Trichoptera, Hydropsychidae* 
2 Trichoptera, Hydroptilidae* 
1 Trichoptera, Limnephilidae* 
2 Trichoptera, Lepidostomatidae* 
SITE 4 Sand (fast: 56.44 cm/s) Gravel (slow: 39.54 cm/s) Cobble (fast: 85.66 cm/s) 
5 Diptera 7 Coleoptera 26 Diptera 
1 Odonata, Gomphidae 12 Diptera I 5 Ephemeroptera, Caen idae* 
33 Ephemeroptera, Caenidae* 1 Ephemeroptera, 
1 Ephemeroptera, Ephemerellidae* 
Heptageniidae* 1 Ephemeroptera Leptophleb iidae* 
8 Ephemeroptera, Leptohyphidae 8 Ephemeroptera, Leptohyphidae* 
2 Plecoptera, Perlidae* 1 Plecoptera, Nemouridae* 
68 Trichoptera, Brachycentridae* I Plecoptera, Perlidae* 
1 Trichoptera, Glossosomatidae* 2 Trichoptera, Brachycentridae* 
2 Trichoptera, Hydropsychidae* 1 Trichoptera, Hydroptilidae* 
10 Trichoptera, Philopotamidae* 41 Trichoptera, Lepidostomatidae* 
There were a total of 286 macro invertebrates from 18 different families collected at Site 
3, 16 of which were indicator fami lies (Table 2). Three macro invertebrates from 3 families were 
found in sand ; 144 macroinvertebrates from 10 fami lies were found in gravel; and 126 
macro invertebrates from 14 fam ilies were found in cobble. There were a total of 250 
macro invertebrates from 17 different fami lies were co llected at Site 4, 14 of which were 
indicator fami lies. Six macroinvertebrates from 2 fami lies were found in sand; 144 
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macro in vertebrates from I 0 families were found in gravel; and 100 macro invertebrates from 11 
families were found in cobble. 
Table 3. Averages for the water chemistry measurements taken at each site. 
Locatio Conductivit Temperatur pH Total Dissolved Total hardness 
n y (µS) e (OC) Nitrogen Oxygen (mg/L) (mg/L) 
(ug!L) 
Site 1 236.1 18.2 7.60 19.80 7.90 40.66 
Site 2 242.2 18.2 7.45 23 .80 8.52 45 .01 
Site 3 264.7 14.8 7.51 4.00 8.68 53 .99 
Site 4 253 .7 16.2 7.56 11.70 8.50 52.63 
Averages for water chemistry measurements at each site indicate that dissolved oxygen, 
total hardness, conductivity, and pH remain fairly constant, while total nitrogen differs greatly 
between sites (Table 3). Biotic Index calculations for Site 1, Site 2, Site 3, and Site 4 are all 
greater than ten (12, 26, 31 , and 30 respectively). Therefore, the Maple River can be classified as 
"clean" with little to no organic pollution. 
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3.2 Results by Substrate 
Table 4. Community diversity indices for each substrate. 
Sand Gravel Cobble 
Number of Individuals 14 415 357 
Richness (no. of families) 7 22 22 
No. of indicator families 4 15 17 
Diversity (H) 1.57 2.32 2.34 
Evenness (EH) 0.805 0.749 0.758 
Similarity between substrates in families Between sand and gravel: 0.483 
present; S0rensen Index (S) 
Between gravel and cobble: 0.864 
Between sand and cobble: 0.414 
There was a total of 768 macro invertebrates from 25 different families collected, 19 of 
which were indicator families (Table 4). Fourteen macroinvertebrates from 7 fami lies were 
found in sand; 415 macroinvertebrates from 22 families were found in gravel; and 357 
macroinvertebrates from 22 families were found in cobble (Table 4). The diversity of 
macroinvertebrate communities found in the gravel and cobble substrates are similar, though 
slightly higher in cobble, with H = 2.32 for gravel and H = 2.34 for cobble (Table 4). Both the 
grave l and cobble substrates have higher diversity than the sand substrate (H = 1.57). The 
communities found in the sand substrates exhibited more evenness (EH= 0.805) than either the 
grave l (~= 0.749) or cobble (EH = 0.758) substrates. The S0rensen Index indicates that the 
grave l and cobble substrates are more similar in regards to families present (S = 0.846) than 
either are to sand (S = 0.483 , S = 0.414; Table 4). 
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The ratios of the number of individuals of each family within each substrate were 
compared across all substrates and against each other using a Chi-Square Test oflndependence. 
The results indicate that there is a significant difference between the number of individuals 
within each family across the three substrates (p < 0.001). A Chi-Square Test for Goodness of Fit 
was conducted to determine if there was a significant difference in the abundance and diversity 
of macro invertebrates in each substrate. There was a statistically significance difference between 
the total number of individuals across the three substrates (p < 0.001). In addition, there was a 
statistically significant difference between gravel and cobble substrates (p < 0.001 ). The total 
number of families were compared across each substrate. There was a statistically significant 
difference between all three substrates (p = 0.012). However, there was not a significant 
difference between the grave l and cobble substrates at the 5% significance level. Similarly, there 
was a significant difference between indicator families throughout all substrates (p = 0.017), but 
not between the gravel and cobble substrates. 
Table 5. Averages of abiotic factor measurements for each substrate. P-values calculated with ANOV A test 
comparing variances. If p < 0.05, there is a statistically significant difference between the three substrates in the 
factor tested 
Variable Sand Gravel Cobble P-value 
Temperature (°C) 16.85 16.85 16.85 I 
Conductivity (µS) 249.175 249.175 249.175 I 
pH 7.53 7.53 7.53 1 
Depth (cm) 44 32.5 44 0.542 
Flow Rate (cm/s) 47.95 50.32 51.99 0.963 
Disso lved Oxygen (mg/L) 8.4 8.4 8.4 I 
Total Hardness (mg/L) 48.07 48.07 48 .07 1 
Total Nitrogen (mg/L) 14.83 14.83 14.83 1 
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The ANOV A test was used to analyze the variance of abiotic factors tested at the 5% 
significant level. The test results show that there is no significant difference between the three 
substrates for any of the abiotic factors tested (Table 5). 
3.3 Results by Groundwater Concentration 
Table 6. Results of the stable isotope analysis. Stable isotope concentrations reveal relative groundwater 
concentrations at the different sites , with lower numbers indicating higher groundwater concentration. VSMOW 
stands for versus standard mean ocean water. 
Sites Water Source dDVSMOW d 180VSMOW 
Site 1 ground -82.51 -12. 12 
surface -56.45 -4.24 
Site 2 ground -72.36 -I 1.38 
surface -59.76 -6.12 
Site 3 ground -81.88 -I 1.89 
surface -73.93 -10.35 
Site 4 ground -79.76 -10.98 
surface -71.60 -8.92 
Standard Deviation 0.47 0.43 
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Figure 3. Scatter plot of the results of stable isotope analysis. Groundwater is represented by squares, surface water 
is represented by circles . Site I is blue, Site 2 is red, Site 3 is green, and Site 4 is yellow. Additionally, points are 
labeled with their corresponding sites. Sites with river water points further from the corresponding groundwater 
point have lower groundwater concentration. 
The results of the isotopic analysis (Table 6) indicate that each site has both groundwater 
and runoff as hydro logic sources. As expected, at each site the groundwater has a lower 
concentration of both deuterium and cr 180 than the river water. We calculated 95% confidence 
intervals for each value to confirm that the sites were significantly different from one another. 
Graphically, the East Branch sites are well removed from the West Branch sites (Figure 3). 
These results demonstrate that the West Branch of the Maple River has a significantly lower 
concentration of deuterium and cr 180 than the East Branch (Table 6 and Figure 3). Therefore, the 
West Branch has a higher concentration of groundwater than the East Branch. 
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T bl 7 C a e . d. . . d" ti h E ommumty 1vers1ty in ices ort e ast an d West B h ranc es. 
East Branch West Branch 
Number of Individuals 236 523 
Richness (no. of families) 18 20 
No. of indicator families 13 17 
Diversity (H) 2.183 2.032 
Evenness (EH) 0.756 0.678 
Simi larity between East and West 
Branches in families present; 0.684 
S0rensen Index (S) 
In the East Branch, 263 macro invertebrates from 18 fami lies were collected, 13 of which 
are indicator families. In the West Branch, 523 macroinvertebrates from 19 families were 
collected, 17 of which are indicator fam il ies (Table 7). Based on the diversity indices (Table 7) 
the diversity of macro invertebrate communities found in the East and West Branches are similar. 
However, the diversity is higher in the East Branch (H = 2.183) compared to the West Branch (H 
= 2.032). The communities found in the East Branch show more evenness (EH= 0.756) than 
those found in the West Branch (EH= 0.678). The S0rensen Index indicates that the two branches 
are similar in regards to families present (S = 0.684; Table 7) . 
A Chi-Square Test of Independence was conducted to analyze the difference in 
macro invertebrate community composition between the East Branch (lower groundwater 
concentration) and the West Branch (higher groundwater concentration). We found a significant 
difference in macroinvertebrate communities between the East and West Branches (p < 0.001 ). A 
Chi-Square Test of Goodness of Fit was conducted to analyze differences in abundance and 
diversity. We found a significant difference in the total number of macro invertebrate individuals 
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(p < 0.001). The West Branch had a higher abundance of macroinvertebrates than the East 
Branch. We did not find a significant difference between the total number of families nor the 
number of indicator families at the 5% significance level. 
Table 8. Averages of abiotic factor measurements for the East and West Branches. P-values calculated with an 
Independent Samples t-Test. If p < 0.05, there is a statistically significant difference between the two branches in the 
factor tested . 
Variable East Branch West Branch P-value 
Temperature (0 C) 18.2 15.5 < 0.001 
Conductivity (µS) 239.15 259.2 < 0.001 
pH 7.53 7.54 0.787 
Depth (cm) 45 35.33 0.313 
Flow Rate ( cm/s) 44.35 55 .81 0.319 
Dissolved Oxygen (mg/L) 8.21 8.59 0.04 
Total Hardness (mg/L) 42.84 53.31 < 0.001 
Total Nitrogen (mg/L) 21.8 7.85 < 0.001 
An Independent Samples t-Test was used to analyze the differences in means of the 
abiotic factors tested. There is a significant difference in water temperature (p < 0.001 ), 
conductivity (p < 0.001), dissolved oxygen (p = 0.04), total hardness (p < 0.001), and total 
nitrogen (p < 0.001) between the two branches (Table 8). The Independent Samples t-Test shows 
there is no difference in the pH, depth, or flow rate between the two branches at the 5% 
significance level. 
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4 Discussion 
The data supported our first hypothesis that there would be a greater abundance of 
macroinvertebrates in gravel compared to the cobble and sand. However, gravel and cobble do 
not have a significant difference in diversity. In addition, the data supported our second 
hypothesis that a correlation exists between high relative concentration of groundwater and 
greater abundance of macro invertebrate communities. Groundwater concentration did not have 
an apparent correlation with the diversity of macro invertebrate communities. 
The three macroinvertebrate indicator taxa (Ephemeroptera, Plecoptera, and Trichoptera) 
were found at all sites, which indicates that the Maple River has relatively high water quality. 
Additionally, the Biotic Index scores were found to be greater than 10. This factor combined 
with the presence of these indicator taxa suggests that the Maple River does not have significant 
levels of pollution. Moreover, the data demonstrate that the Maple River has high dissolved 
oxygen content, neutral pH, and relatively cold water temperatures (Table 3). 
The ratios of individuals within each order from each substrate were significantly 
different, which suggests that the community composition of macro invertebrates differs greatly 
between substrates. The total number of macro invertebrate individuals in the Maple River differs 
significantly between each substrate. In addition, the results illustrate that there was a higher 
number of individuals found in gravel substrates compared to the sand or cobble substrates 
(Table 4). There is a significant difference in the richness of total families and the richness of 
indicator families between sand and the other two substrates, but not between the gravel and 
cobble substrates. This indicates that there is higher diversity in gravel and cobble substrates 
compared to sand substrates, but not between the gravel and cobble substrates. 
18 
Freimark, Jameson, Jubera, Schneider 
The diversity indices used to compare the three substrates further support the hypothesis 
that gravel and cobble substrates have higher macroinvertebrate diversity than sand (Table 4). 
Gravel and cobble substrates were found to have similar family evenness as well as higher 
diversity in macroinvertebrates when compared to sand (Table 4) . The rocky substrates (i .e 
cobble and gravel) provide macroinvertebrates a habitat with protection from predators. These 
two substrates are also similar in habitat and resource availability, which causes the community 
composition to be more similar (Brown & Brussock, 1991). 
Possible confounding variables include stream flow rate, dissolved oxygen, water 
temperature, conductivity, total hardness and nitrogen, depth, and pH. The ANOVA test results 
indicate that there was not significant variance of these abiotic factors between substrates (Table 
9). This allowed for the elimination of these factors as confounding variables in this study. 
However, seasonality may affect the composition of macro invertebrates communities observed 
due to the differences in phenology (Alba-Tercedor, 2017; Brand & Miserendino, 2012). The 
families present during our sampling timeframe may not be representative of the year-round 
macroinvertebrate communities that exist in the Maple River. In addition, heavy rainfall occurred 
for several days before data collection. The resulting increase in water flow may have impacted 
the composition of macro invertebrate communities. 
Macroinvertebrates' preference for rocky substrates (i.e. gravel and cobble) compared to 
sandy substrates could be tested further in the future. An evolutionary advantage or selective 
pressure that was not examined in this study may influence macroinvertebrate habitat preference. 
Time and funding constraints did not allow investigation of this phenomena. Riffles and pools 
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could also be examined within each substrate to provide more precise information about 
macro invertebrate habitat preference and further improve the results of this study. 
Community composition differed significantly between sites with high and low 
groundwater concentration. There was a significant difference in the total number of 
macroinvertebrates. However, there was not a significant difference in the total number of 
families nor the total number of indicator families between high and low groundwater 
concentrations. Therefore, there is no difference in diversity of macro invertebrate communities. 
Similarly, the diversity indices used to compare the East and West Branches do not support our 
hypothesis that higher relative groundwater concentration is correlated with greater diversity of 
macroinvertebrate communities. The branches have similar values for macroinvertebrate famil y 
diversity and evenness. Furthermore, the S0rensen Index value suggests that the two branches 
have similar community composition (Table 7). 
The same confounding variables tested for substrate were also tested with regard to 
groundwater concentration. However, the Independent Samples t-Test indicate that only pH, 
depth, and stream flow rate were not different between high and low groundwater 
concentrations. Thus, these factors can be ruled out as confounding variables. Water temperature, 
conductivity, dissolved oxygen, and total hardness and nitrogen were all significantly different 
between the sites with high concentrations of groundwater and sites with low concentrations of 
groundwater (Table 8). Therefore, these factors could be confounding variables for our results 
regarding groundwater concentration. Other confounding variables would be the same as those 
discussed above. Additionally, the excessive rainfall preceding sampling could have increased 
the relative amount of surface water in the Maple River to levels above its yearly averages. 
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The results of our study suggest that restoration efforts should be concentrated on 
increasing the gravel and cobble substrates present in the river. Both substrates demonstrate high 
macroinvertebrate abundance and diversity in the Maple River. Additionally, the East Branch is 
more susceptible to anthropogenic pollution due to its higher sourcing from surface runoff. 
Therefore, stream restoration and conservation efforts should be more concentrated on this 
branch of the Maple River. 
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